
Topology of two-color QCD  
at low temperature and high density

�&�U�T�V�L�P���*�U�P�V���	�,�P�D�I�J���6�������3�$�/�1����0�T�B�L�B���6���
��

�D�P�M�M�B�C�P�S�B�U�J�P�O���X�J�U�I���,���*�J�E�B���B�O�E���5�����(�����-�F�F

The 36th International Symposium on Lattice Field Theory @ Kellogg Hotel and Conference Center 
(2018/7/26)



Motivation

��

�0�V�S���8�P�S�L������

�"�W�P�J�E���U�I�F���T�J�H�O���Q�S�P�C�M�F�N���	�D�P�O�T�J�E�F�S�����D�P�M�P�S�����q�B�W�P�S���2�$�%�
��

�'�P�D�V�T���P�O���U�I�F���M�P�X���5���B�O�E���I�J�H�I���E�F�O�T�J�U�Z���S�F�H�J�N�F����

�1�I�B�T�F���T�U�S�V�D�U�V�S�F��

�5�P�Q�P�M�P�H�J�D�B�M���P�C�K�F�D�U�T��

�4�V�Q�F�S�q�V�J�E���E�F�O�T�J�U�Z���G�S�P�N���F�O�F�S�H�Z���N�P�N�F�O�U�V�N���U�F�O�T�P�S��

�.�B�T�T���H�B�Q���	�#�$�4���H�B�Q�
���G�S�P�N���E�J�R�V�B�S�L���D�P�O�E�F�O�T�B�U�F

�6�O�E�F�S�T�U�B�O�E���U�I�F���Q�I�Z�T�J�D�T���J�O���2�$�%���Q�I�B�T�F���E�J�B�H�S�B�N

�C�V�U���U�I�F�S�F���J�T���U�I�F���T�J�H�O���Q�S�P�C�M�F�N�œ��

Problem: Numerical instability µ/m P S ! 1/ 2
<latexit sha1_base64="74VWnzjDdupWxCO7Kp0G8CHnjbQ="></latexit><latexit sha1_base64="74VWnzjDdupWxCO7Kp0G8CHnjbQ="></latexit><latexit sha1_base64="74VWnzjDdupWxCO7Kp0G8CHnjbQ="></latexit><latexit sha1_base64="74VWnzjDdupWxCO7Kp0G8CHnjbQ="></latexit>

�J�O���M�P�X���5

�*�O�U�S�P�E�V�D�F���U�I�F���E�J�R�V�B�S�L���T�P�V�S�D�F���J�O���U�I�F���B�D�U�J�P�O

�2�V�B�M�J�U�B�U�J�W�F�M�Z���V�O�E�F�S�T�U�B�O�E���U�I�F���Q�I�Z�T�J�D�T���J�O���p�O�J�U�F���E�F�O�T�J�U�Z



Plan of talk
���� �5�X�P���D�P�M�P�S���p�O�J�U�F���E�F�O�T�J�U�Z���2�$�%��

�������������"�D�U�J�P�O���X�J�U�I���E�J�R�V�B�S�L���T�P�V�S�D�F��

������������

����

�������4�J�N�V�M�B�U�J�P�O���S�F�T�V�M�U�T��

�������������%�F�U�F�S�N�J�O�F���U�I�F���Q�I�B�T�F���E�J�B�H�S�B�N���J�O���M�P�X���5���	�5�d���5�E�����
����

�5�P�Q�P�M�P�H�J�D�B�M���T�V�T�D�F�Q�U�J�C�J�M�J�U�Z����

�������4�V�N�N�B�S�Z���B�O�E���0�V�U�M�P�P�L

��

QGP

Hadronic

Quarkyonic? Superfluid

Te
m

pe
ra

tu
re

 (T
)

Chemical potential (µ)0

Td
<latexit sha1_base64="Zqkz/tjFwr3HQazEKM2tyQsH294="></latexit><latexit sha1_base64="Zqkz/tjFwr3HQazEKM2tyQsH294="></latexit><latexit sha1_base64="Zqkz/tjFwr3HQazEKM2tyQsH294="></latexit><latexit sha1_base64="Zqkz/tjFwr3HQazEKM2tyQsH294="></latexit>

�2�(�1

�)�B�E�S�P�O

�#�&�$ �4�'



Action with diquark source term
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Fermion action in continuum limit
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Fermion action on the lattice
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Expected phase diagram in Two-color QCD
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Polyakov loop @ T~Td/2

0 0.5 1 1.5
µ/mPS

0

0.05

0.1

0.15

0.2
<

|P
ol

ya
ko

v 
lo

op
|>

beta=0.8, j=0.00
beta=0.8, j=0.02
beta=0.8, j=0.04

µd ! mP S
<latexit sha1_base64="6ZirL5BBBHDY6W74zbv1fa5iE3M="></latexit><latexit sha1_base64="6ZirL5BBBHDY6W74zbv1fa5iE3M="></latexit><latexit sha1_base64="6ZirL5BBBHDY6W74zbv1fa5iE3M="></latexit><latexit sha1_base64="6ZirL5BBBHDY6W74zbv1fa5iE3M="></latexit>

µd
<latexit sha1_base64="K5aXLyHUJAhgZOYt3G3AK+l4c/4="></latexit><latexit sha1_base64="K5aXLyHUJAhgZOYt3G3AK+l4c/4="></latexit><latexit sha1_base64="K5aXLyHUJAhgZOYt3G3AK+l4c/4="></latexit><latexit sha1_base64="K5aXLyHUJAhgZOYt3G3AK+l4c/4="></latexit>

�����D�P�O�p�O�F�E���E�F�D�P�O�p�O�F�E���U�S�B�O�T�J�U�J�P�O

�T�V�T�D�F�Q�U�J�C�J�M�J�U�Z����

�I�B�T���B���Q�F�B�L

����



�E�J�R�V�B�S�L���D�P�O�E�F�O�T�B�U�F����

�V�T�J�O�H���U�I�F���O�P�J�T�F���N�F�U�I�P�E���B�O�E���S�F�X�F�J�H�I�U�J�O�H

!qq" =
!
2

! ø" 1K ø" T
2 # " 1K " T

2 "
<latexit sha1_base64="MgBXZPTHG/E0KMeiyduR4V8CTv0="></latexit><latexit sha1_base64="MgBXZPTHG/E0KMeiyduR4V8CTv0="></latexit><latexit sha1_base64="MgBXZPTHG/E0KMeiyduR4V8CTv0="></latexit><latexit sha1_base64="MgBXZPTHG/E0KMeiyduR4V8CTv0="></latexit>

K ! C! 5"2
<latexit sha1_base64="kSq4h9vg3BMlOW1vw8o7z59pvvU="></latexit><latexit sha1_base64="kSq4h9vg3BMlOW1vw8o7z59pvvU="></latexit><latexit sha1_base64="kSq4h9vg3BMlOW1vw8o7z59pvvU="></latexit><latexit sha1_base64="kSq4h9vg3BMlOW1vw8o7z59pvvU="></latexit>

�	�P�S�E�F�S���Q�B�S�B�N�����P�G���T�V�Q�F�S�q�V�J�E�J�D�J�U�Z�


����



�K�������������F�Y�U�S�B�Q�P�M�B�U�J�P�O����

�J�T���B���I�B�S�E���U�B�T�L

�4���$�P�U�U�F�S���F�U���B�M�����1�I�Z�T���3�F�W����D87���	���������
��������������

diquark cond. with j=0.02, 0.03, 0.04

����



�D�P�O�p�H�����H�F�O�S�B�U�J�P�O���!�K������

�N�F�B�T�V�S�F���C�Z���J�O�U�S�P�E�V�D�J�O�H����

�T�N�B�M�M���K���T�P�V�S�D�F���B�T���B���Q�S�P�C�F

�D�P�O�p�H�����H�F�O�S�B�U�J�P�O���!�K���������������������

�N�F�B�T�V�S�F���C�Z���J�O�U�S�P�E�V�D�J�O�H���B���Q�S�P�C�F���K���T�P�V�S�D�F��

�����������������������������������������������������!���K��������������������������������������������������

To find diquark cond. in j=0 limit 
̶ reweighting ̶
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j dependence of diquark condensate
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µD /m P S ! 1.0µQ /m P S ! 0.5

Phase diagram @ T~ Td/2
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histogram of Q

µ/m P S = 1 .5

µ/m P S = 0
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topological charge distribution
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Hands. (1104.0522) 
Nf=4, T=0 (12^3x24)

Alles-DÕelia-Lombardo(0602022) 
Nf=8 staggered, finite T (14^3x6) 
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Phase diagram in Two-color QCD
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Phase diagram @ T~ Td/2
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µD /m P S ! 1.0µQ /m P S ! 0.5

Phase diagram @ T~ Td/2
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µD /m P S ! 1.0µQ /m P S ! 0.5

Phase diagram @ T~ Td/2
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